An Artificial Neural Network (ANN) was developed to analyze the automobile Anti-locking Brake System (ABS) simulation model. The linear velocity of wheel and the angular velocity could be obtained through some applications, through them we could calculate the relative slip ratio, the relative slip ratio and the braking time were input variables, the braking press and the braking distance were output. The data used to train and verify the ANN were obtained from simulation models. Trained ANN can be used to predict output.
Introduction
Vehicle safety question is always the matter people concentrate on. But many accidents have something with braking, so ABS was developed to avoid these. The system adopted the braking press with the change of the relative slip ratio and the braking time to avoid the wheel locking.
Artificial Neural Network (ANN) is a data processing system based on the structure of biological neural system. Analysis with ANN is not like modeling and simulation, But by learning from the data generated experimentally or simulation models, ANN differ from conventional programs in their ability to learn about the system to be modeled without priori knowledge of the process variables relationship.
The objectives of this paper was to develop an ANN to analyze the simulation model using the simulation data, so that corrections can be made in braking process. This will assist in developing better process controls.
Model Development
Mathematic model of vehicle braking system include three components: the whole vehicle model, tire-road braking force model, brake model. For the convenience to study, I used a quarter of whole vehicle model.
The Whole Vehicle Model. In this model, the drag forces were neglected. I got the equations as following.
Where M is a quarter of the vehicle mass, v is the linear velocity of the wheel, F x is the road braking force, I is the wheel moment of inertia, ω is the angular velocity, R is the radius of the wheel, T b is the braking moment.
Tire-Road Braking Force Model. The road braking force is decided by friction coefficient between tire and road ( b φ ) and vertical force between tire and road (F z ). The friction coefficient is the function of the wheel slip ratio (S).
Where p l is the press in the brake chamber, p 0 is the press enough to conquest the drag force of the coil, A c is the area of brake chamber, η m is the mechanical efficiency of the brake, r is the radius of the brake drum, ρ is the ratio of the brake chamber and the brake shoe.
Simulation model is shown as Fig.1 . 
Data Generation
In the simulation model, I set the vehicle speed 50km/h, initial press 1200000pa, working time 0.001s. The data is shown as Table 1 . Hidden Layers and Nodes. Decision of the use of number of hidden layer nodes is complex as it depends on the specific problem being solved using ANN. With too few nodes, the network may not be powerful enough for a given task. With a large number of nodes (and connections), computation is too lengthy. Sometimes an ANN may memorize the input training samples, such a network tends to perform poorly on new test samples, and is not considered to have completed learning successfully. Neural learning is considered successfully only if the system can perform well on test data which the system has not been trained. An ANN should have capabilities to generalize from input training sets, and not to memorize them. In my paper, learning rate and momentum were set 0.5, initial weights were set 0.3, the hidden nods were 10, then to chose the best number of hidden layers. The result was got as Table 2 . After choosing the best number of hidden layer, I would choose the best nodes of hidden layer. Learning rate and momentum were set 0.5,initial weights were set 0.3, I got the result as Table 3 . From the table, we could see that ANN with 10 hidden nodes provided minimum errors. The 10 hidden nodes ANN was chosen for further analysis.
Momentum and Weight. After building a frame of the network, I should decide the momentum and the weights. Value for momentum can be obtained adaptively, as in the learning rate. A well-chosen value of momentum can significantly reduce the number of iterations for convergence. Table 4 shows the effect of momentum and weights on simulation errors. Optimum combination of momentum and weight will improve the simulation. When the momentum and the weights were 0.3, the result was worse than anyone else. So the momentum and the weights were chosen as 0.7. 
Conclusion
In this paper I built an ANN in which there were one hidden layer, ten hidden nodes, the momentum and the weights were 0.7. Analyzing ABS simulation by this ANN using simulation data is a simple, convenient and accurate method. Errors could be reduced by selecting hidden layer, hidden nodes, appropriate combination of momentum and weights carefully. In this study, the errors could be controlled well, but the training time is too long to fit the need of braking. So I must choose better simulation model to accomplish the task.
